Introduction
Cardiovascular diseases account for the 65-75% deaths of the people with diabetes. Predominant form type 2 diabetes mellitus (T2DM) causes coronary diseases in the people by 2-fold more than in nondiabetic individuals. Sustained efforts are required to discover new antidiabetic drugs with reference to the pharmaceutical industry (Muir et al., 2013) .
3-and 4-substituted pyridines have an effective role in respect of their biological activities, for example, derivatives of aminothiadiazole derived from the nicotinic and isonicotinic acids are antibacterial (Tomi et al., 2014) and pyridyl functionalized bis (pyrazol-1-yl) methanes are cytotoxic agents (Li et al., 2010) . Compounds derived from the 3-substituted pyridine are good lyase inhibitors (Hart et al., 2004) , metabotropic glutamate subtype 5 (mGluR5) antagonists (Iso et al., 2006) and anti-inflammatory agents (Rabea et al., 2006) while 4-pyridyl derivatives have pronounced antiviral (Cheng et al., 2005) , aromatase inhibiting (Bayer et al., 1991) , p38 MAP kinase inhibiting (Miwatashi et al., 2005) and anticonvulsant activities (Mohammad and Mohammad, 2009) . Sulfanilamide derivatives of the 2-amino-4-ethoxycarbonyl-pyridine have pronounced antibacterial activity (Abd El-Salam et al., 2005) . Thiazolo derivatives of 2,6-disubstituted isonicotinic acid hydrazides possess anti-inflammatory, analgesic, antiparkinsonian and anticonvulsant activities (Al-Omar et al., 2010) .
It is known that compounds containing tetrazole ring have been established as being of use as antiinflammatory, (Bepary et al., 2008) antimicrobial (ElSayed et al., 2011) and antinociceptive (Maione et al., 2008) agents. A series of tetrazole-chromone derivatives have been declared as anti-allergic substances (Nohara et al., 1977) while 5-(pyridyl) tetrazole derivatives are efficient lipid regulators (Holland, 1969) . We know some more derivatives having tetrazole moiety are good nonpeptide angiotensin receptor antagonists (Bradbury et al., 1993) , SGLT2 inhibitors (Gao et al., 2010) and superoxide scavengers (Maxwell et al., 1984) . Orally active, highly potent compounds derived from the picolinaldehyde bearing tetrazole ring are mGlu5 receptor antagonist (Huang et al., 2004) .
Acetohydrazide derivatives are potent biologically active compounds as they are antimicrobial (Manna and Agrawal, 2009) , analgesic (Kumar et al., 2014) , antioxidant (Ahmad et al., 2010) and anti-proliferating (Arafa et al., 2013) . N'-substituted benzylidene-2-(2,4-dimethyl-phenoxy) acetohydrazides are known to possess antibacterial and enzyme inhibition activities (Nadeem et al., 2014) whereas acetohydrazide derivatives of 2-aminopyridine are intended as inhibitors of tumor necrosis factor alpha (TNF-a) production (Lacerda et al., 2014) .
Taking into consideration of the aforesaid biological activities of the pyridine, tetrazole and acetohydrazide derivatives, we aimed to synthesize biologically active compounds having all three units with their valuable effects in a single structural entity.
Materials and Methods
For the synthesis of tetrazolopyridine-acetohydrazides, all chemicals were obtained from the commercial sources and used without additional purification. These compounds were confirmed by elemental analysis, Fourier Transform-IR (FT-IR) spectroscopy and NMR spectra.
General
Rf -values were determined using aluminum pre-coated silica gel plates Kieselgel 60 F254 from the Merck (Germany) using the solvent system (ethyl acetate: nhexane 2:1). Melting points were determined using a stuart melting point apparatus (SMP3) and are uncorrected. Infrared spectra were recorded using an FTS 3000 MS, Bio-Rad Marlin (Excalibur Model) spectrophotometer. 1 H NMR spectra were obtained using a Bruker 300 NMR MHz spectrometer in DMSOd6. Chemical shifts were given in δ-scale (ppm). Abbreviations s, d, dd and m are used for singlet, doublet, double doublet, and multiplets, respectively. 13 C NMR spectra (75 MHz) were measured in DMSOd6. LCMS data were recorded on Agilent Technologies 6890N using an EI source of (70 eV). Elemental analyses were performed on CHNS 932 LECO instrument.
Synthesis of 3/4-(2H-tetrazole-5-yl)pyridine (3,4)
Compounds (3, 4) were prepared according to the literature procedure (Demko and Sharpless, 2001) . A mixture of sodium azide (0.3 g, 3 mmol/L), 3/4-cyanopyridine (0.20 g, 2 mmol/L) (1, 2), and zinc (II) chloride (0.40 g, 3 mmol/L) was suspended in H2O (20 mL) and the reaction mixture was refluxed for 4-12 hours. On completion (TLC control), the mixture was cooled to room temperature and the solid obtained was treated with 3 N HCl (5 mL). In continuation of workup, solid residue was filtered and then washed with water to afford the product as a white solid and confirmed through melting point which are 240ºC (decomp.), Lit (Maione et al., 2008) 238ºC (decomp.) and 229-232ºC (decomp.), Lit (Maione et al., 2008) 227-228ºC (decomp.) for 3-(2H-tetrazole-5-yl) pyridine (3) and 4-(2H-tetrazole-5-yl) pyridine (4) respectively. Ethyl chloroacetate (0.32 mL, 3 mmol/L) was added drop wise to a stirred solution of 3/4-(2H-tetrazole-5-yl) pyridine (0.44 g, 3 mmol/L) in chloroform in the presence of triethylamine (1.674 mL, 1 mmol/L). The reaction mixture was refluxed for 4-8 hours. The progress of the reaction was monitored by TLC. Excess of solvent was removed to afford off white crystals.
Synthesis

Ethyl 2-(5-(pyridin-3-yl)-2H-tetrazol-2-yl)acetate (5)
Yield: 78%; off white solid; m. 166.5, 162.7, 152.1, 147.6, 134.5, 124.9, 123.2, 62.53, 54.36, 14.38 ; LC-MS (m/z): (M) + , 234; Elemental analysis calculation for C10H11N5O2 (%): C, 51.50; H, 4.75; N, 30.03; Found: C, 51.48; H, 4.73; N, 30 .08.
Ethyl 2-(5-(pyridin-4-yl)-2H-tetrazol-2-yl)acetate (6)
Yield: 75%; off white solid; m.p.: 171-173°C; Rf: 0.49 (ethyl acetate : n-hexane 2:1); FTIR (ATR, υ/cm -1 ): 3113 (Ar C-H), 2869 (CH3), 1761 (C=O), 1685 (C=N), 1552 (Ar C=C), 1284 (N=N-N); 1 H NMR (300 MHz, DMSO-d6): δ 8.78 (dd, J = 4.5,1.5Hz, 2H, Ar-H), 7.95 (d, J = 4.5, Hz, 2H, Ar-H), 5.99 (s, 2H, CH2),4.25 (q, J = 7.1 2H, CH2), 1.38 (t, J = 7.1, 3H, CH3); 13 C NMR: (75 MHz, 162.1, 151.3, 134.6, 125.0, 62.34, 54.40, 14.26 ; LC-MS (m/z): (M) + , 234; Elemental analysis calculation for C10H11N5O2 (%): C, 51.50; H, 4.75; N, 30.03; Found: C, 51.49; H, 4.77; N, 30 .01.
Synthesis of 2-(5-(pyridin-3/4-yl)-2H-tetrazol-2-yl) acetohydrazide (7, 8) (Bhaskar and Mohite, 2010)
To a solution of ethyl 2-(5-(pyridin-3/4-yl)-2H-tetrazol-2-yl) acetate (0.233 g, 1.0 mmol/L) in 10 mL of dry distilled methanol, was added hydrazine hydrate (0.098 mL, 2 mmol/L). The reaction mixture was stirred at room temperature for half an hour to get acetohydrazides (7, 8). The precipitates were filtered and washed with cold methanol and then recrystallized with methanol chloroform mixture (1:1) to get pure white crystalline solid.
2-(5-(Pyridin-3-yl)-2H-tetrazol-2-yl)acetohydrazide (7)
Yield: 81%; white solid; m. for about 30 min to 5 hours. The progress of reaction was monitored by TLC. On completion, the reaction mixture was poured into an ice-cold water, solid separated was filtered and washed with hot water to get pure product. 156.9, 151.4, 147.2, 146.7, 135.2, 133.5, 132.0, 129.1, 127.8, 125.4, 54.70 ; LC-MS (m/z): (M) + , 342; Elemental analysis calculation for C15H12ClN7O (%): C, 52.72; H, 3.54; N, 28.69; Found: C, 52.83; H, 3.51; N, 28.57. tetrazole), 158.4, 156.1, 152.3, 150.1, 148.9, 137.4, 135.1, 124.1, 122.9, 117.9, 54.11, 41.8 
N΄-(4-chlorobenzylidene-2-(5-(pyridin-3-yl)-2H-tetrazol-2-yl)acetohydrazide (9a)
Yield
N΄-(2,4-dihydroxybenzylidene)-2-(5-(pyridin-3-yl)-2H-tetrazol-2-yl)acetohydrazide (9g)
Yield: 70%; light yellow solid; m. 163.0, 162.8, 156.9, 154.8, 147.3, 135.7, 133.8, 133.1, 129.4, 125.7, 118.5, 112.7, 55 .1; LC-MS (m/z): (M) + , 340; Elemental analysis calculation for C15H13N7O3 (%): C, 53.10; H, 3.86; N, 28.90; Found: C, 53.13; H, 3.89; N, 28.87 .
N΄-(2-bromobenzylidene)-2-(5-(pyridin-3-yl)-2H-tetrazol-2-yl)acetohydrazide (9h)
Yield: 82%; pale yellow solid; m. 157.9, 153.2, 146.9, 143.2, 137.4, 135.2, 134.6, 133.4, 132.8, 129.7, 126.8, 124.5, 55.04 ; LC-MS (m/z): (M) + , 387; Elemental analysis calculation for C15H12BrN7O (%): C, 46.6; H, 3.13; N, 25.39; Found: C, 46.52; H, 3.27; N, 25.34 . 157.2, 152.9, 146.7, 138.4, 136.2, 135.7, 133.9, 133.0, 132.8, 129.5, 126.1, 124.9, 54.59 ; LC-MS (m/z): (M) + , 387; Elemental analysis calculation for C15H12BrN7O (%): C, 46.6; H, 3.13; N, 25.39; Found: C, 46.52; H, 3.27 ; N, 25.34.
N΄-(3-bromobenzylidene)-2-(5-(pyridin-3-yl)-2H-tetrazol-2-yl)acetohydrazide (9i)
N΄-(2-hydroxy-5-nitrobenzylidene)-2-(5-(pyridin-3-yl)-2H-tetrazol-2-yl)acetohydrazide (9j)
Yield : 162.6, 158.2, 154.9, 147.0, 140.5, 138.3, 136.7, 134.2, 125.6, 125.0122.3, 121.5, 56 .08; LC-MS (m/z): (M) + , 360; Elemental analysis calculation for C15H11ClFN7O (%): C, 50.08; H, 3.08; N, 27.25; Found: C, 50.09; H, 3.13; Cl, 9.79; N, 27.27.
N΄-(3-flourobenzylidene)-2-(5-(pyridin-3-yl)-2H-tetrazol-2-yl)acetohydrazide (9l)
Yield: 82%; off white solid; m. 162.8, 159.9, 152.1, 147.1, 138.2, 135.7, 134.1, 132.8, 129.7, 126.0, 121.4, 119.6, 54.23 162.6, 159.5, 151.9, 147.6, 138.3, 138.2, 134.4, 132.7, 127.1, 125.3, 124.8, 123.4 ; LC-MS (m/z): (M) + , 326; Elemental analysis calculation for C15H12FN7O (%): C, 55.38; H, 3.72; N, 30.14; Found: C, 55.27; H, 3.81; N, 30.16 .
N΄-(4-methoxybenzylidene)-2-(5-(pyridin-3-yl)-2H-tetrazol-2-yl)acetohydrazide (9n)
Yield: 79%; very light brown; m. 163.0, 156.2, 152.8, 146.5, 135.9, 134.1, 133.3, 129.4, 126.9, 121.3, 56.3, 55.07 ; LC-MS (m/ z): (M) + , 338; Elemental analysis calculation for C16H12N7O2 (%): C, 56.97; H, 4.48; N, 29.07; Found: C, 56.92; H, 4.54; N, 29.15 .
N΄-(4-chlorobenzylidene-2-(5-(pyridin-4-yl)-2H-tetrazol-2-yl)acetohydrazide (10a)
Yield: 81%; off white solid; m. (C=N, tetrazole) , 151.9, 146.8, 146.2, 134.0, 133.5, 129.7, 128.2, 125.7, 54.21 ; LC-MS (m/z): (M) + , 342; Elemental analysis calculation for C15H12ClN7O (%): C, 52.72; H, 3.54; N, 28.69; Found: C, 52.78; H, 3.56; N, 28.63 . (C=N, tetrazole) , 151.7, 145.3, 145.2, 136.9, 133.2, 131.4, 128.7, 126.9, 126.5, 125.9, 56.02 
N΄-(3-chlorobenzylidene-2-(5-(pyridin-4-yl)-2H-tetrazol-2-yl)acetohydrazide (10b)
N΄-(2,4-dichlorobenzylidene)-2-(5-(pyridin-4-yl)-2H-tetrazol-2-yl)acetohydrazide (10f)
Yield: 83%; off white solid; m.p.: 268°C (decomp.); Rf: 0.39 (ethyl acetate : n-hexane 2:1); FTIR (ATR, υ/cm -1 ): 3376 (N-H), 3110 (Ar C-H), 1684 (C=N), 1679 (amide C=O), 1577 (Ar C=C), 1278 (N=N-N) 
N΄-(2,4-dihydroxybenzylidene)-2-(5-(pyridin-4-yl)-2H-tetrazol-2-yl)acetohydrazide (10g)
Yield: 72%; dirty brown solid; m. 
Antidiabetic activity
Antidiabetic activity of above compounds was tested in collaboration with the Department of Animal Sciences, Quaid-i-Azam University Islamabad. Antidiabetic activity was determined on healthy male BALB/c mice (n=50, mean body weight = 35 ± 10 g) and were housed in mice cages and fed standard rodent diet and drinking water. Standard conditions for temperature and photoperiod (27 ± 1°C; Light dark cycle; 12:12 hours) were maintained throughout the experiment. Antidiabetic drug glibenclamide (Euglucon, Roche Pharma) 10 mg/kg in distilled water was used as reference. Mice were made diabetic by giving a single intraperitoneal injection of alloxan monohydrate (Sigma Aldrich, USA) at the dose of 150 mg/kg. Mice having fasting plasma glucose levels >200 mg/dL were considered diabetic and used subsequently for testing of the compounds for antidiabetic potential (Qureshi and Abbas, 2013) . 26 gauge butterfly cannula was used to collect blood through caudal venipuncture at 0 hour (pre-alloxan), -1 hour (post-alloxan) and at 1, 2, 3, 4, 5, 6, 7 hours after dosing. Plasma glucose was determined with a dextrostix using glucometer (Accu-check active, Roche, Germany).
Statistical analysis
Data was collected through one-way analysis of variance (ANOVA) using the Statistical Package for Social Sciences (SPSS version 16.0 Inc. USA). p<0.05 was considered statistically significant difference. Data are presented as line or bar diagrams constructed using the GraphPad Prism 5 (Version 5.01 GraphPad Software Inc. USA)
Docking procedure
Preparation of ligand files
The ligand files for the molecular docking studies were prepared in Molecular Operating Environment (MOE, 2014) by Chemical Computing Group (CCG). The molecular geometries were drawn correct 3D structures were ensured and were followed by energy optimization at a standard MMFF94 force field level, with a 0.0001 kcal/mol energy gradient convergence criterion. (Halgren and Nachbar, 1996) . The builder module of MOE program was used for this purpose. The optimized geometries were saved in a molecular database (mdb) file for further studies.
Drug likeness
Descriptor calculation function offered by Molecular Operating Environment (MOE, 2014) was used for the descriptor computations. (Lipinski et al., 1997) Molecular descriptors were calculated for all the synthesized compounds by the ligand property calculation function of MOE (Table I) . Energy minimized geometries of the 28 compounds, stored in molecular database (mdb) file of the MOE software were subjected to compute the selected descriptors and numeric values obtained as a result of computations were used to delineate the drug like properties.
Preparation of receptor
The protein preparation steps involved 3D protonation, energy minimization and the active site identification. The crystal structure of the complex of human insulin protein (PDB code: 3Q6E) was retrieved from a protein data bank (Halgren and Nachbar, 1996) . The pdb file was imported to MOE suite where receptor preparation module was used to prepare the protein. All the bound water molecules were removed from the complex. Both polar and non-polar hydrogens were added and 3D structure was corrected. The 3-D protonated structure was energy minimized. Since the protein was devoid of cognat ligand, so the pocket was identified using the site finder module of the MOE. Site finder program of the MOE indicated five active sites in the four chains of 3Q6E. The pockets were found to be deep small gorges lined with the key residues including both hydrophobic and hydrophilic amino acids. The optimized ligands were docked with the human insulin protein (PDB code: 3Q6E) protein using the MOE-Dock program (Chinai et al., 2010) . MOE docking simulation program was used to perform the total of 30 independent docking runs. The docked poses were inspected and the top scored pose for each compound was reserved for further studies of interaction evaluation. The ligandprotein interactions were visualized in 2-dimensional space by making use the MOE ligand interactions program.
Results
Antidiabetic essay
Synthesized analogues were checked for their in vivo antidiabetic activity. Plasma glucose at 7 th hours for all the synthesized compounds is in the Table I . The compounds which lowered the blood glucose level, their results were compared with glibenclamide, while compounds that led to an increase in blood glucose concentration, their results were compared with diabetic non-treated mice. Graphical representation of some of the representative compounds which decreased the plasma glucose concentration near to glibenclamide is shown in Figure 1 .
Molecular docking studies
Drug likeness
Several descriptors such as number of rotatable bonds, hydrogen bond donor, hydrogen bond acceptor, Lipinski's acceptors, Lipinski's donors, Lipinski's violation, Lipinski's drug likeness, logP, molecular weight and total polar surface area (TPSA) were computed to access the drug like properties of the synthesized library acetohydrazides. Computation results revealed that all of them were found to obey the Lipinski's Ro5 and Veber's Ro3, cut-off limits, (Lipinski et al., 1997 , Veber et al., 2002 revealing the fact that these could be potent antidiabetic compounds. According to the Lipinski's Ro5, most drug like molecules should have molecular weight ≤500, logarithm of the octanol/water partition coefficient (log P) ≤ 5, total polar surface area (TPSA) <140 Ǻ, number of hydrogen bond donors (HBD) ≤5 and hydrogen bond acceptor (HBA) ≤10 (Lipinski et al., 1997) . Further modifications in the Ro5 were made by another group (Veber et al., 2002) who suggested the number of rotatable bond (NOR) of drug like molecule must be fewer or equal to 10 (Veber et al., 2002) . Molecules violating more than one of these criteria could have problem with bioavailability. Figure 2 shows graphical presentation of the descriptors of the 28 synthesized acetohydrazides.
Docking studies
To develop a deeper insight into the molecular mechanism of inhibition of the synthesized libraries comprising the compounds 9a-9n and 10a-10n were simlated computationally to the active sites of human insulin protein (PDB code: 3Q6E). Human insulin protein consisted of five active sites as shown in Figure  3A . The active sites shown in the figure are marked with alpha centers created by the software.
These sites were found to be very small bowl shaped cavities. In silico molecular docking results, produced the different docking conformations based on binding energy. The variants with the minimal energy of the enzyme-inhibitor complex were selected for studies of binding mode. Preferred docked conformations of most of the ligands formed one cluster inside the active.
All the docked conformations for each compound were analyzed and it was found that the most favorable docking poses with maximum number of interactions were those which were ranked the highest based on the minimal binding energy, which was computed as a negative value by the software. The most favorable docking poses of the 30 docked conformations for each compound were analyzed to further investigate the interactions of the docked conformations within the active sites. The detailed docking results are tabulated in Table I .
Phe1, Gln4, Ser9, His10, Glu13 and Leu17 are found to be key residues which are also reported in the literature (Batool et al., 2015) . The active site consisted of mainly hydrophilic amino acids. The hydrophobic portion was constructed of Phe1 and Leu17 while the hydrophilic portion was lined with amino acids, including Gln4, Ser9, His10 and Glu13 which were also the prominent interacting residues.
Oxygen atom present in the template formulated strong interaction with Ser9 and His10, while phenyl and other cyclic moieties containing π electrons established π-H interactions with His10 in ligands 9a, 9c-9f, 9h, 9i and 9k-9m. Almost all the ligands showed strong polar interactions with Ser9, His10 and Glu13. However, ligand 10f-10h showed π-π interaction. Ligand 10f and 10g showed hydrophobic interaction with Phe1 and Leu17 while ligands 10c, 9b, 9f, 9j and 9m made contact with Leu17 and ligand 9d and 9e showed hydrophobic interaction with Phe1. Ligand 10a and 10l found to be the most potent antidiabetic agents of the series. These both ligands showed a similar binding pattern and anchored tightly inside the active site gorge (Site V) of the protein by establishing strong hydrogen bonding with Ser9 (2.73 Å), π-H interaction with His10, in addition to polar interactions with His10, Ser9 and Glu13. Ligand 10l bind itself strongly inside the active site by establishing two deterministic hydrogen bonding with Ser9 and His10 (2.77 Å and 2.30 Å rec.) Moreover, this ligand also showed interaction with His10, Ser9 and Glu13. Figure 4A -D represent the docking pose of the ligand 9a and 10l. It is quite interesting to note that the binding free energy in "S" field is in the quite narrow range from -1.60 to -3.67 kcal/mol (Table I) , similarly binding energy in Escore-1 field (London dG ranging from -7.52 to -8.69 kcal/mol (Table I) is also found in very narrow range.
Discussion
Synthesis of acetohydrazide derivatives [9(a-n), 10(a-n)] is shown in Scheme 1. Cycloaddition of sodium azide and 3/4-cyanopyridine (1,2) in the presence of zinc chloride in water led to the formation of 3-(2H-tetrazole -5-yl) pyridine (3) and 4-(2H-tetrazole-5-yl) pyridine (4) which are capable of existing in solution as equilibrium mixtures of N1 and N2 tautomers (Nadeem et al., 2014) . The position of equilibrium depends significantly on the solvent polarity and the substituents in the tetrazole ring. Less polar solvent and bulky substituent in the tetrazole ring favors N2 tautomer (Katritzky et al., 2010) . Next step is the reaction of (3) and (4) with ethyl chloroacetate to give ethyl 2-(5-(pyridin-3-yl)-2H-tetrazol-2-yl)acetate (5) and ethyl 2-(5-(pyridin-4-yl)-2H-tetrazol-2-yl) acetate (6). Normally these reactions are carried out in acetone using K2CO3 which leads to the formation of isomeric esters requiring separation. That is why we used triethyl amine and chloroform which led to the formation of pure N2 tautomer. In FTIR the presence of carbonyl stretches at 1759 and 1761 cm -1 of (5) and (6) respectively, indicates the attachment of ester moiety. This was further confirmed through carbonyl carbon with δ value 166.5, 166.7 in 13 C NMR spectrum as well as triplets at 1.32, 1.35 and quartets at 4.22, 4.19 for CH3 and CH2 respectively in 1 H NMR spectrum 2-(5-(pyridin-3-yl)-2H-tetrazol-2-yl)acetohydrazide (7) and 2-(5-(pyridin-4-yl)-2H-tetrazol-2-yl) acetohydrazide (8) formation from ester (5), (6) was confirmed by the stretching vibrations at 3319, 3320 (NH2), 3134, 3137 (N-H) in FTIR spectrum and broad peaks at 12.02, 12.04 and 4.97, 5.03 in 1 H NMR spectra. )-2H-tetrazol-2-yl)acetohydrazide (9a-n) and N΄-(substituted benzylidene-2-(5-(pyridin-4-yl)-2H-tetrazol-2-yl) acetohydrazide (10a-n) were synthesized by stirring hydrazides (7), (8) and substituted benzaldehydes in The series (9a-n) contain an acetohydrazide moiety linked with 3-pyridine through a tetrazole ring. The compounds (9a) and (9b). With chloro substituent at 4 and 3 position showed decrease in blood glucose and this decrease is more significant in case of (9a) as compared to (9b). While by introducing two chloro groups in case of (9f), we have nearly same results as of (9b). The compound (9c) with m-OH group resulted in a decrease in glucose level as of (9a) and by adding two -OH groups at 2,4-positions (9g), we have an increase in blood glucose level. For the derivatives (9d) and (9e) with respective electron donating and electron withdrawing substituents, there is a decrease in plasma glucose while (9n) with 4-OMe group showed intermediate behavior as compared to the positive control glibenclamide and negative control alloxan. Introduction of bromo group also reduces the glucose concentration and this decrease is independent of the position of substituent. Compounds (9j-m) increased the blood glucose level and this increase is more significant in case of (9j) and (9l) as compared to (9k) and (9m).
The compounds of the series (10a-n) have similar structures as of (9a-n) with the only difference of having 4-pyridinyl instead of 3-pyridinyl moiety. The derivatives (10a,f,n) showed intermediate behavior as compared to both positive and negative control and the compounds (10b,c,e,k) have decreased the glucose level, although not significantly. Introduction of bromo group has interesting effects on blood glucose level. Its presence at ortho position (10h) increases the blood glucose while at meta position (10i), there is significant lowering of blood glucose level. Derivatives (10d,g,j) showed a drastic increase in the glucose concentration. By introducing -F group, we have lowering in blood glucose level and this lowering is more significant in case of (10l) with 3-F as compared to (10m) with 2-F substituent.
All compounds obeyed drug likeness criteria and docking studies showed that almost all the compounds exhibited a similar binding pattern against 3Q6E. Binding mode analyses revealed that the ligands showed two types of docking orientations. Most of the ligands attained a twisted shape like a semi square and fit inside the small cavity ( Figure 3B ) while few attained extended position and their docking poses found to be anchored inside the two adjacent active sites.
The ligands 9a, 9b, 9f-10b, 10e, 23, 10i-10n showed similar orientation inside the cavities and found to fit completely inside the Site V. Due to the flexible linker between the two terminals of the template, ligands somehow managed to attain semi squared shape which paved the way for them, to enter inside the small cavity of the Site V of the protein. Ligands 9c, 9e and 10f showed similar binding pattern inside the active site, Figure 3B , ligand 10j found to attain little different binding mode from that of ligand 9c, 9e, 10f. However, it also docked inside the site V in addition to site II. It is shown in red color in Figure 3B . Finally, it could be concluded from the current computations, that good activities of these inhibitors, which are noticed to be more potent than standard drug alloxan can be accredited to quite low binding energy (Table I ) and multiple interactions with the key residues inside the active site of the target. This may provide a rationale for more effective binding through various interactions with the enzyme's active site. The binding energies derived from docking simulations indicated that almost all the members of the synthesized series exhibited stronger binding affinity for 3Q6E. The synthesized ligands showed better binding free energy and binding energy in Escore-1 field as compared to both the standard drugs, alloxan (-1.60 and -5.79 kcal/mol) and glibenclamide (-1.60 and -6.73 kcal/mol).
In case of compounds 9a-9f, 9h, 9i, 9n, 10b, 10i and 10k-10m experimental screening results approve that of the docking computation and this rationale could be used as a strong evidence for further development of these compounds as useful antidiabetic agents. Compound 9a and 10l can serve as potential surrogates for further studies. These results complement biological studies providing additional information about possibilities for the development of the novel antidiabetic drugs.
Conclusion
Among the two new series of tetrazolopyridineacetohydraziode conjugates synthesized, compounds 9a, 9c and 10l lowered the plasma glucose near to that of glibenclamide. Molecular docking studies and results of antidiabetic activities were in agreement with each other.
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